The magnetic ground state of (Sr 1−x Ca x ) 3 Ru 2 O 7 (0 ≤ x ≤ 1) is complex, ranging from an itinerant metamagnetic state (0 ≤ x < 0.08), to an unusual heavy-mass, nearly ferromagnetic (FM) state (0.08 < x < 0.4), and finally to an antiferromagnetic (AFM) state (0.4 ≤ x ≤ 1).
measurements.
III. RESULTS Figure 1 shows the temperature dependence of resistivity, ρ ab (T ) and ρ c (T ), for typical compositions of the (Sr 1−x Ca x ) 3 Ru 2 O 7 solid solution series. Like other layered ruthenates with cylindrical Fermi Surfaces (FS) 27,28,29,30,31,32 , (Sr 1−x Ca x ) 3 Ru 2 O 7 displays remarkable and 0.38, however, a negative magnetoresistance without hysteresis is observed, consistent with the expected result for the nearly FM state 22, 23 . Accompanied with the magnetic phase transition, the electronic state changes drastically. As seen in Fig. 1 , the resistivity of the nearly FM state in 0.08 < x < 0.4 is much smaller than that of the AFM state in 0.4 ≤ x <1.
Its temperature dependence show two different behaviors: for 0.25 ≤ x < 0.4 ρ ab exhibits a small upturn at low temperature (see Fig. 3b ), suggesting a weakly localized state, while for 0.08 < x < 0.25, ρ ab shows metallic behavior in the whole temperature range and can be fitted to ρ ∝ T α (α > 2) at low temperatures (e.g. α = 2.7 for x = 0.2 (see Fig. 4a )).
Interestingly, both behaviors are sensitive to magnetic field, a moderate magnetic field can tune them to quasi-quadratic temperature dependences, as show in Fig. 3a and Fig. 4b , suggesting that they are of magnetic origin, which will be discussed below. In contrast, the non-metallic state in the AFM region with 0.4 ≤ x < 1 is more robust, less sensitive to magnetic field as shown in 
IV. DISCUSSION
First we will discuss the mechanism behind the MIT between Region I and II. In a strongly correlated electron system, MITs can generally be separated into two categories according to their driving forces 
